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CML is a myeloproliferative disease characterized by the Phila- 
delphia (Ph) chromosome, in which the oncogenic BCR-ABL1 
fusion gene encodes a constitutively active tyrosine kinase. First- 
line treatment using the BCR-ABL tyrosine kinase inhibitor (TKI) 
imatinib has significantly changed the disease course of CML [1]. 
However, some patients develop resistance to this agent, largely 
due to point mutations within the ABL1 kinase domain (KD) [2, 
3]. Resistance to imatinib may be overcome by treatment with 
second-line TKIs, including dasatinib, nilotinib, and bosutinib, 
which are active against most mutations; however, some muta- 
tions bring about resistance to these second-line drugs as well 
[4-6]. Therefore, a mutation analysis is recommended when 
choosing a second-line TKI [7]. We describe a CML patient who 
rapidly progressed to blast crisis following the sequential acquisi- 
tion of ABL1 KD mutations with a complex karyotype. 

A 45-yr-old female patient was admitted to National Cancer 
Center (Goyang, Korea) in December 2012 for marked leukocy- 
tosis and splenomegaly. Her peripheral blood and bone marrow 
(BM) findings were consistent with CML in the chronic phase. 
Conventional karyotyping indicated the presence of a Ph chro- 
mosome and no other abnormalities. FISH using a BCR/ABL1 



dual-fusion triple color translocation probe showed 98% BCR- 
ABL1 gene fusion with a 13.998% international scale (IS) in- 
crease in BCR-ABL1 transcript levels. Further study with direct 
sequencing of the ABL1 KD detected no point mutations. The 
patient's Sokal risk score [8] was 0.8 (intermediate) and her 
Hasford risk score [9] was 433.6 (low). The patient was started 
on an imatinib dosage of 400 mg/day. Complete hematologic 
response (CHR) was achieved within two weeks, and the BCR- 
ABL1 transcript level after one month was 1.993% IS. 

On day 53 of treatment, the patient visited the emergency 
room with fever and myalgia. Her white blood cell (WBC) count 
had increased to 256xl0 9 /L with 89% blasts. Flow cytometric 
analysis showed that 98.3% of the blasts were positive for CD34, 
84.0% for terminal deoxynucleotidyl transferase (TdT), 99.4% 
for CD19, 47.3% for CD20, 99.7% for HLA-DR, and 49.5% for 
CD33. They were negative for CD10 and other T-cell and my- 
eloid lineage markers; these findings were consistent with those 
for B lymphoid blasts. Imatinib was discontinued and replaced 
with dasatinib (140 mg/day). A BM examination three days later 
showed a hypocellular marrow with an increased number of 
blasts. Conventional karyotyping showed complex numerical and 
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structural abnormalities: 44~46,XX,-8,-9,t(9;22)(q34 ; qll.2),-15, 
-17,-18,+2~3mar[cpl5]. FISH showed BCR-ABL1 translocation 
of 96%, with 14% showing a three-fusion signal of amplification, 
a finding known to be associated with imatinib resistance [3, 
10]. The BCR-ABL1 transcript level increased to 11.454% IS. 
E255K, a dasatinib-sensitive mutant, was detected by direct se- 
quencing (Fig. 1A) [6]. 

One week after starting dasatinib, the patient achieved CHR, 
but on day 12, her WBC count began to increase and blasts re- 
appeared. Owing to a resistance to dasatinib, she was started on 
intensive cytotoxic induction chemotherapy. A BM examination 
one month later showed a 5.466% IS increase in blasts with 
BCR-ABL1 transcript levels. Conventional cytogenetic analysis 
showed clonal evolution: 44,XX,der(8 ; 15)(ql0 ; ql0),der(9)del(9) 
(p22)add(9)(q34),t(9;22)(q34 ; qll.2),-20[20]. FISH results 
showed BCR-ABL1 translocation of 66%; however, amplification 
of the fusion signal was not observed. Moreover, mutation analy- 



sis, in this case, showed the presence of T315I and the previ- 
ously identified E255K was not detected (Fig. IB). The patient 
received a second cycle of chemotherapy, but her general con- 
dition worsened and she developed multiple organ failure. 

We describe here the case of a CML patient who rapidly de- 
veloped imatinib resistance within two months and dasatinib re- 
sistance within two weeks, each instance accompanied by a 
corresponding ABL1 KD mutation. The laboratory findings at 
the time of diagnosis are summarized in Table 1. The presence 
and evolution of mutations during TKI treatment need to be 
considered for optimal disease control. We performed muta- 
tional screening by direct sequencing, the method currently 
recommended for ABL1 KD mutation analysis [11]. However, 
this method cannot detect subclones present in less than 10- 
20% of the BCR-ABL1 cell pool. Thus, subclones harboring 
mutations may have been present but could not be detected, 
possibly having undergone clonal expansion after the depletion 



E255K 



At diagnosis 




T315I 



At diagnosis 



TAT A T C ATCAMT6A0TT C ATGA 
R T R T R 3 TROT 0 R 3 T ] R R 3 TROT 




1^ 



At imatinib resistance 



f ft g nTg g 




At imatinib resistance 



• »;-»•; :ut :*it ; 




At dasatinib resistance 



gf&gfftfgggTftggfffflfgfll 

W\aAAAaAaa/V\ 




At dasatinib resistance 




g i g 1 1 g H S ft 



© 



Fig. 1. The mutational analysis of ABL1 kinase domain with conventional direct sequencing at the time of diagnosis (top row), after devel- 
opment of imatinib resistance (middle row), and after development of dasatinib resistance (bottom row). (A) E255K (c.763G>A) was de- 
tected after development of imatinib resistance. (B) T315I (c.944C>T) was first detected after switchover to dasatinib resistance. 

Table 1. Laboratory findings at the time of diagnosis and imatinib and dasatinib resistance 



At diagnosis 



At imatinib resistance 



At dasatinib resistance 



Conventional karyotyping 

BCR-ABL1 FISH 
BCR-ABL1 transcript level 
ABL1 KD mutation 



46,XX,t(9 ; 22)(q34 ; qll.2)[20] 44~46,XX,-8,-9,t(9 ; 22)(q34 ; qll.2),-15,-17,-18, 
+2~3mar[cpl5] 



44,XX,der(8 ; 15)(ql0 ; ql0),der(9)del(9)(p22) 
add(9)(q34),t(9 ; 22)(q34 ; qll.2),-20[20] 



98% (490/500) 
13.998% IS 
Not detected 



96% (480/500), amplification of fusion signal (14%) 66% (330/500) 



11.454% IS 
E255K 



5.466% IS 
T315I 



Abbreviations: KD, kinase domain; IS, international scale. 
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of subclones sensitive to TKIs [12-14]. However, a more sensi- 
tive method of genomic analysis may reveal the presence of 
these low-level mutations and provide critical information for se- 
lecting subsequent therapy and predicting responses. 
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